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Abstract of JP1 031 2971 



PROBLEM TO BE SOLVED: To suppress the 
introduction of defects by suppressing cracks 
generated by difference in the thermal 
expansion coefficients between a growing lll-V 
comp. semiconductor layer and a substrate 
crystal, and a difference in grid constants. 
SOLUTION: Through the use of a substrate 
limiting a growing region 13 by a mask 14, the 
facet structure of a Ili-V comp. semiconductor 
film 15 is formed (b) by epitaxial growth, for 
growing (c) the facet structure to cover the 
mask 14. In addition, the facet structure is 
completely embedded (d). A lll-V comp. 
semiconductor layer with a flat surface is 
finally formed (e). 
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[19*^1] i i i -vwnt&yi^mwn^f^-i/v 

HflfES^tt&TF^tS-^JgSS^^II/iS I I I -vj£ 

I I -Vlft^if#M77ty h«it^^L^S 
!bfiSc:ft£i±, SfiKftlgtgeW I I I -v8Hfc£-4&¥ 

[»**2] I I I -V»fc^¥»#©=& 

JWES«i*?-JE«^B»5WR**sil<cS I I l-v« 
Yk«-***«cS:j«*r*XSir, HfHEfifc***-? ME I 
I I - V^«i*i#?:7rt7 hM^ML/i*i 
<bjfcg$-t!\ P»-T-5^fi®i^C75 i i i -VWkWL'&m*- 

mwtthicsam^^^un^m^\ ^bicWE^T-tr 
y hm&&m.ib : &A,-?&ffi&5zmti-z>xmk. me¥ 

•5 I I I -V«{t**iN»«:roj«**jSfe. 

I I I -vm<fcfr*i£*ft:i:HC*ma\ foSVMSte^ 

*» j wia»3a««©flafcttKS:*-r5 1 i i -vank-g- 

i-*-*»**iXtt21Bttoi I I -VUMfc**^**! 

^ i^1#mt-r-5iS*^l, 2Xtt3EtOI I I-V 

t\ ME^r-fey MSiffcHMIias { l - l 0 l } ffiT-fc 
3- <t£*HS£-f SI8*54E«<*>I I I -VWHt&%) 

"t\ * l-7-f^|S]i)i< 11-20 >*fn)4/tli< i - 

i o o>*fa^&z~k*wmt-rz>m*-%.4:mmv> i 
i i -vm<t&V!>¥m{*<Di$,&ifm 0 

m&T%7] iTEI«lt M g A 1 2 o 4 S i 

ZnOStS. S i CSS, LiGa0 2 
Al 2 0 3 &ffi.<0\,^-ftifi>l'Ot)>bmiR£th, ME I 
I I - V8Hfc-3-i»¥l*«:tt: % G a NR, I n G a NJR, 
AlGaNg, In NIK, GaPE GaAsl©^f 

i oa»e>a*R£*tar. i zftrnkTzmntm 1 xra 

2Xli3XI44E®ro I I I -VSHt"&«*ilH*OJ*fi 
[Ii*^8] WE I I I-VSnftliWSGaN^ 



^ffc-CfcoT, I45«»»WiGaN, I n 
G a N, *5«fcT/A 1 G a N<£> 3 *>'>/£< <h 2 0(D$«Sf 
A ><b fiS/5£ $ HT V > 5 ~ t Sr^JS t -T 5 fg^ig i x li 2 X 

i*3xi*4E«wi i i -vmt'&®¥-m&<»i&&jf 
[§t*^9] i i i -vmt&®*mt*k&*m& j $>m 

■C7rty h#jt*JfifcfcLfc;fl*e>J5fcftLfc I I I-Vi 

ftfr**!*##»»-r5j*ftffl«<& i i i -vmit-s-®) 

M±mfc<o&3:kb t«cSSE-=i'^^tr^SrSv\ $>btcM 
El I I -v«?{fc-&**af«:©fiK*ii:J:9niHa7r-fey 
h«it/5 s S*ii*tiTffM$ixfc I I I -V»^W 
SStflrtSr^r-rSwir^WiSir-rs I I I-VK-fk^# 

o] i i I -v*Hk****ft&ft?&ac* 
«t-7rty HMML'iiS^MLfc I I I -V 

mt&to*m-fti> i vm-rzi&.&mm<ni i i-vis-fk-g- 

«»#^rofieStit>(cgiE^^^W^SrSv\ ME I 
kZm-tZI I I -V^b-&«J¥-*«s:JK-Cfco-C, iuE 

i i i -vmt4t#*WM*mt*e>4>ti:< kt>mmm&. 
^x?tfft*m&i!tix^zzk&%fmk-tzvmk-r 

5 i I i -vflUfr&WiMMMR. 

1 l ] fJES«*ffifci, lWC*S««Hj*ft-r 

51 i i -vmit&vo¥m&kmctfm\ fe^v>itt& 
^« j 5HRaRR«*©e*:ttK*« , -rs i i i -vans 

^flj^teflSJgjfcStt, ME I I I -vmik&Vo^mft 
Sr^#l|5:i:"t"5>if*^9 foSVMilltJjt^ 1 ofEfO I I I 

im&mi 2] g a Nm^ftkfc*i^-*?mmim&c 

5 IffiSi, fe 5 v MiME£E±tc:^fiJc $ ftfc G 

o &&mt$.*tef8rt-z>TMk , ntne^JHittfcG a 

*IWi7 7 t5- hfllit&J&fifc-f -5 J: 5Kj&g£-e\ g$ 
«-f 5J5fcgffiil£OG a N3R*N|ft:J: £ fc»c«nE^J***f 

3 J IS*^1 2tcE«$ixfcGaN^^j»ft: 

BtwjgfiRoa, meg a N&¥mftm*b'p%< t hm 

titSGa NlffM«M*ft, 

1 4 1 g a xm^ttk&*i^*?mBim%i 
tfrnttzmmk. mes^s, fc-5^tt«irEs«±»c 
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;y hffii££ffi^L#75*<bfiJcfiL£:G a NX 

S r t Z&Wck -T 5 G a N*¥#ftjR. 
[if 1 5 ] 1 4 lEigWHflfEG a N% ^NftttlR 

G a K?h¥mfcWk(r>Wl&<Dik^ mffEG a N3fc±Ng«l!i 

t5 ^ i 4:«fj»i: tec a Nl*i»«Iffiit«M* 
*fc„ 

[Mjfcgt i 7 ] mxm i 2 (cietgoG a Nm^mi&mco 

W>f&<Dm^ flfjsEG a N^^«^flfJ;iCG a N56¥#f£ 
i£^W^«it£7fcj&-f 5X®ir, ffjfEG a N3S##f* 

t ^^1-5. C i -T 5 G a N^^^ag«it(0 

o«ig^tf G a N^^#«:^5t^-efc5 ~ <k 

[1**^ 1 9 ] buIEG a N5£fg}ti$H^G a N5f^?g{fc 
tFtfcS: i«r#m<!:1-Sif*«l 8|5®?)GaN 

G a N^¥*f*JII±^G a N^^^^C0^«it75S 
^^tLTV^S d t *^{Si-r5G a N^^»«gfS 

[§il#Jl2l] MfJliJSl 4S>5VM*SI^1 5|E^(OG 

a N^^»«::flg±{cG a N^mi^m^mmm^m 

[ft*JS2 2] ffffEG a N%¥mfcm*ri. ffzf/\s~.*r 
o«Jt*4tf G a NS¥**£ft*?--ca>£ r £ 
i-f-5tS*^2 0&-5VMisSjfcJg2 lffi^CDG a 

[it#Jl2 3 ] sfffEG a N^SSftift^G a N^^#<* 

[|g^2 4] iB*^l 2fc5VM4ig3ftJgl 3fH*gcDG 
a N^Sgflrjgroj&ricromKU huIEG a N^^ajt<*Jffi± 
KG a N^f#«:S5f!;Mt5lS%tt5 Zb&ft 
®k-tZ G a N3R ©Jtifefrfc 

[fi#Jf2 5] Hf**l 2jC|H^£DGaN^##flS^ro 
fJlEG a N5R*MW*«±»;:G a N^#*{£ 



[!§#Jg2 6] fiufEG a NS^ttifmi, ^^-f 
nflfigSr-^tfG a N^¥#»^3t^T*fc-5 r <k Sr**® 
£-f S»#^2 4fc5l/Mig8jft^2 5Et©GaNI# 

im*m 2 7 ] SulHG a N5fc383tSS^-;SSG a N^fift 

[ISM2 8 1 SS*gl 4fc5VM*ilt3ji3Sl 5{dfa«W 
BflfEG a N^agfWK-kt-G a N^¥^<fc^T-/4^J5££ 
titV^ : iS:^ t t5G a NI^M^ 

im&m 2 9 ] i 4 (ciEifcwsfrfSG a nsr^* 

lllCGaNS^MWM^, BUBEGaN^^ 

[!g:*Jj}3 0] mflEG a NS5*N)H*SK^-tt:, ^yOl^r" 
D«ig$r-^tfG a N^f T-fcS - i 

t-T-5iS*3S2 8&-5VMifi#JS2 9IEifeOG a N5S¥ 

im*m 3 1 ] SJIEG a NJRJSftJfr^G a N3fc¥**f*: 

w~ F-c$>z~b&*mk-rziti&ig3 oiettcoGaN 

[389§©fiMB*tftWl 
[0 0 0 1] 

**SS*±fc:i I I v^'ft'a'^j^^^^^^^r- 111 1° 
* * v- £ * 3 XmRV Z Wj&fi^ffi mtc J: o 

r»tix5i 1 1 -vm<t&®)¥mftmzfg-rz 0 

[0 0 0 2] $ 5>(CG a NJR^frJS^-XV-tORJS*- 

mem l, ^^Pdro/>/^v^G a N¥-^t<*is±(cMfife$ 

[0 0 0 3] 

[^*«s#t] 1 1 i -vwnt&m¥mi*x\ Mz-nm 

1kXV$J>. (G a N) li, «©m*i!S s 3. 4eVi^| 

[0004] zottn&m^izftxfsu *&ftm-rz> 

kmc%)'g<n/</u?&§ 3 $;m\ / ^ZZktfW.$. Lv\ Lfi> 
Ltttfb, G a N<D <fc 5 /i^S-CJi, ^*<D/»flEE7}SiS 

■C^-f ^*fP»i-5»*Ht, 0iJ^lif-7r-<r (Al 
2 0 3 ) S«/iif<OJ:^/t»^ft % ®MW&.m£k* 
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[0 0 0 5] 

r-^^^ri— X v^— 7vu ^-y T-77-4Y7 4<J 
y?^32f (1993) I1 5 2 8-1 5 3 3IJ 

(Jpn. J. Appl. Phys. Vol 32(1993) pp. 1528-153 
3) „ ZcDZotem-SiZiZ, x'W *t LTOttHg^® 

[0 0 0 6] *Ac1#^^-g-^roznt-^=Jf-->-v/^SlC 

/f^-Sfcfef^ a^DO^fiScST- 1 vm<OS i 0 2 
Jg-e* h 7-( tfc 1 7 r -( 7M±i; G a NflU 

i^1#^5p8-6 4 7 9 l-§-<£$8(ciE^£nT 
V^. Lt5^L^2P8-6 4 7 9 l-§-^O0i|-ei4S i 

[0007] *&W(Dgm-±, fe+iz&^mmimm'* 

g-te 5^-r n S^^rfflV ^Tx v'-r/ujfcftS^To X 

V « tT * * & # 5 fc » ro^S^-ffi £ Stti" 

[0008] $ ^(c^^roteroa^ia. ±12^ t?** 
'>/£^g a Km^mteifezmmTz ~ t icfes. 

[0 0 0 9] *fc*^BJC0teOS^Ji4, -hffi^f^v' 
ip^^tvfcG a Nm^3»*M±(CG a N 
(€Bj^|j!G a N^WttSSftfSi^ffi 
j£) ^r^K-rsr ilcit), 1gttfc^#ttw#^ix5 
G a N^^ft:^?- (CT^LliG a N^^^Tt^) 

[0 0 10] 

[^M^*-r-5fc*^©] &&W<Di i i -v^t-g- 
^^{^cofig^ffiii, i i i - vmit&mmmtiwx. 

I I -V»^^*S:Mt5Ili:, BulE/SfifiSi 
i«-C*Huf2I I I -VK{^W#M7rt-7 

rtf&\.t£tfh&.&&it. m^-r^^mm^i i i-v 

ftlfE^rirs/ h«ig£)g»ii/OT?S®&qz±0fli-r silt 

[ooi i] i i i -vmit-£®>¥m#cr> 



ifitzmmt&*7£&^mBimmimte5> i i i-vs 
Mm-rz>f&&m®.<o i i i-vm^w 

[0012] £ bizttzwn i i i - vmt&m^mw- 

5 1 I I -v^b^^<*i:(5]i:»^75\ 
TF^^^!g^mcofafcttK^^-r-5 I I I -vmt 

mt-rz> 0 iztcmiiz^xfwmzm^^xmi&Tztfz&m 
[ooi3] *&w<d i 1 1 - vrnt-t^m^m 

I I I -VK-fk^^»:t^^^>B^3i^^^ 

wit^jF^L^^b^gLfe 1 1 i -vmit-k^mw 
tm&i-zi&mm%i<D i i i-v^b^-^**^* 

xm^ix.tz.1 i i -vmik&m^m&mzG-rzzt 
zftrnt-tz. friei i i -vmit-toh^w- 
m>L><i>te< tt>mmmm, ^xtttmrnmstixi,^ 

[0 0 14] BUlH"V^i7#^5)cBU<7)S«^H(C 

mtm^mmic^-r^i i i -v^k^^^tigi 

[0015] fr&W(DG a NI*»M<OM*feli, 
G a N^^^irft^^lgt^Jig^^^^^g^ 

®. fe5VM4Sul5S«±t-^$tLfcGa N^^fr^ 

* — = ^ $ jxtz-? * t mmz x *) t&mmm&M 
fife-rsist, mm^mmicG a N^*fWi7rt 

WGaN^#*^ti:'b(Cfr|2^^^*t^-?rg|v>, $ <b 

^fi)c<7)^, HfrfSG a N^^*fr^b'>^< t fcttJiEg 

[0016] *&W<DG a N^#agft:®®«^(D^^- 
G a Nlf^MOMCgC, BUISG a 
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[0 0 17] «0^GaNl*|*S^Si|M 
tt. G a N»¥*#JRO»fifc<0»lC % itfrfiSG a N»*i* 

KlffitEG a N^383t*^>*G a N*¥*»*U-if 
[0018] &&W<DG a N^^#ft:JRtt, G a 

m»k#tt& j &m^m*RtezmiRb. means 

^ fbJE&g L7tG a N^#iW^8t5Sf««OG a 
fcjtufEG a N3R¥*fcwj«*l£ J; 9 «rE7 rir y >** 

[0019] *J8W*>G a NX#«»«liiK(l, Sui* 
COG a N*¥»ttBLblCG a N»*#ft:*^ ^«*«K& 

[0 0 2 0] *J8«OG a N*¥*ft*f-tt. GaNl 
*3MWR-WcG a N**#«:*-¥-iS»** ixrv^S ~ t 
Z&Wtk-TZo *feHWBGaN»**ft:|Jt±«CGaN5R 
**#*^a*7f2fi!c$*L> «TlBGaN5R a IMI|c*JBlA»6>^* 

[0 0 2 1] $ blCflWBG a NSR^WttlHF-W:* 

Wm^-r5 0 SUIEG a N«38**WG a N»f *ft 1/ 
— 
[0 0 2 2] 

[0 0 2 3] (mi ^HSgO^Sg) 1 <0*« 

c^ftgMov^, i i i -vmit&&¥m&(v=z-t o ?* 

[0 0 2 4] #J£>fc N SffiTO^HttSSrRlcL, 
*^*«fc^^5»»ft^iafcttK**r5 I I I -v«- 



ft*****! 2«r«8±Kij*»U ^co^®±(c7^ 

jKDMiktexh^'fykU Z<Dk£-*x? l 4<DJ?£ 
ttl0nmH2MmiarC*9, J««««.l 3 *5±t5 
■^^^UWh^T'ffitt, ii?i?0. 
MmISi Lfc 0 (Hi (a) ) o 
[0 0 2 5] /£g®i£{d*j-L I I I -Vij^ 

mmmxx *«*s i 1 *Brs£«>/a*»*s 

13ICI I I - vlftb6»4fe*Mltt 1 5 

*-r* 0 »ftj«**ffi«:, ^kiii i imam^A 

i£#&m^&mttatii&mz£&&&&& (vpe : v a 

por Phase Epitaxy ) "Cfr 5 J& s > I I I fl^Wf^ 

V^S*«&*^^***iJ«* (MOCVD: 
Metal Organic Vapor Phase Epitaxy) ^HV^Tt) 

[0 0 2 6] III - vfflk&#o¥m» 1 5 te, mnwt 

JfeWBriiSftS J: 5 6 5 o°c?5^ l l o ot^gia 
SEs III KlS«-o«j(&*f-*tL«fBF*^ 2 0 0 0 0 0 
fSt«ftt5V«f»(D«fti©eB-«T5. (H 1 
(b) ) 0 

[0 0 2 7] J^(:xt7^'>t«^»t5^ I 
<DI I I -VKffc*****!. 5(D77ty M*££« 

«f« (Hi (c) ) 0 
[0 0 2 8] $b(Cxt7^rv'-r^M»t5<[:, 7 

r-fey h«a»*»»a**b (hi (d) ) . mmmc 

ft, I I I -V|«k*1fc*«H*Bli 

5Sr#5ltis-e#5 (Hi (e) ) . 
[0 0 2 9] Sffi±Kft^*^««*oft* 
5 I I I -Vl(Wt*«i4M»*Ott»rt*«:f? 5 S« 

[0 0 3 0] **m<o»ttk:j:**ft-efl, 
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t> fC * if *K 3i f * * > * /U)R(DjH««|;tJDic: 

[0 0 3 1] #tci I lKaBC«.Ki»t*«:fflV^a[{fc* 
•iSifc*cJ:«««ril»W, IIl-VK^f*ft: 

m c m a* » ;t & <o & tt-^v \ u ^ -> rs* £ saw* 

IM^E<0*filc#tfSwfctcfc9 I I l-v8Hfrg* 
[0 0 3 21 4*5, I I I«W»^«-«&JlS:fflV^-5* 

■it^ra****** ±aso«tp^^i i i- 

«*«0«ft***i|lx.5fc»riG*«*lc*5WS I I I - 
[0 0 3 3] (I2^^g) #«W<DfB2 0|QS 

^»l»^ov^r, i i i-vift^w^^t^^f 

[0034] 0 5 (a) - (b) S^liSl^Sat^ 
ftt*)Bll (a) (e) ilB*4XaTffRKL-CV^ 

fcftR^SrfBtSo »2OHifi(0?K<»-ett % III- 
V8ft^i#^)x tr ^ * > * /UfiH«4rtTV ^ricfiS £ 
^F±a>fh:Lfc^{c, JS2<z>^**4:»rt- (8 5 (c) ) , 

WkSrffotV^ (0 5 (d) ) o 
[0 0 3 5] S2^Mlm 01 (a) 7^ 

(e) ofmx^*|fet)iS-rr i:K:J:0»j«Ufci I I 

[0 0 3 6] Kl^**^>»«*>5V^ttt*2©*ll6CD» 

jfcgi-S^K^na^fctK a 1 2 o 3 . si, Si 

C, M g A 1 2 0 4 , L i G a O2 , ZnO^SS 
^<D S GaN, G a A 1 N N InGaN, I n N, Ga 
A s XttG a P^CO I I I -Vfflt<&to*m#<Otit*i£ 

mmxzz> 0 

[0037] sfcBi h^^msxnmm^^co 

«^WB38»«<OffiiyS:ttSf«:*'r5 I I I -V»^ 

l*ffi*cittg!^^^*^j«LTiai (b) - (e) 
^ttB5 (b) - (d) O^ct^SrfrorfcHtSftai 



[0 0 3 8] £ b tt%H&<W&mX\±^* ? I 4 t'LX 

[0039] (i3 <o^m<Dwm) &w &&w<om 3 

IB l ©3t«o»«*)5 v^ttJB 2 oHJ6*>»«-CR9l Lfc 
I I I -Vl^t***##^*li , ^*5/-y/i'fi)t*S:Ga 

[0040] ss 3 ig i <DnM<vmmtb 

5 V Jg 2 O^S <B»« T?R W L fc^ * * * y W&g 
£Ga N^^*«:tCf!]ffi IttOtfe?, #ffl?-Sffl3r 

[0 0 4 1] GaN|^l*i:i»^ 
[0 0 4 2] 2fcfC^RfifiH«ctC» LGa N^aJtftWai fcT 

i i iJ£JK»K;!fy *a (G 
a) tmtfcm (hci) ^»£*j5E*-c*)Sitt^y 
r>A (Gael) 4: v^is^bct^-t (nh 3 ) X 

X*m^^mtWW&m^£Zm$J&-B: (VPE :Vapo 
r Phase Epitaxy ) t$)WK7-f KVPE& 

^ g a mmzmm&m *m v * * j* 

(MOCVD: Metal Organic Vapor PhaseEpitax 
y) £ffiV>3 e M^li6 5 0°Cfrh 110 0°CCtT 
V\ vmWM<Dm&&n I I IKJHC3|B|'0«J6*JC«-L# 
fff^b 2 0 0 0 0 o«*tt»f *itf 
[0 0 4 3] G a N^¥«ft:l^xt^dri/t;^f 

fir 9 , jfcftflSSLbtOG a N^^*f*r/Rtc:ttS«^ffi* 
ffi^HS46I*fi07 7t5' HPK63fis*j«Sixa. 

[0 0 4 4] xt^Je^ t /^g$:S(t5i:, GaNl 
jMttffc*. -^^^«r« 5 £5 (-ft 

5<h, GaN^¥#fls:{Cj:tJ7r-fe^ 

[0 0 4 5] G a N\*'<J\s?m&(Dft&AmMtetZ#>. 
VtteCDG a N»*«Kt^»*J5li*-CB:Sttfc Ut7 7 
^TSfc S i Cltt#S:B^Tlfc^ rtt^^s^ 

5o :<73f:^GaN|^xt7^r^t^f^ 
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[0 0 4 6] frmM<owm^£Z^t°**i/^/i<j&-B:Jj 
G a N**»#i»«IB»«^Sft^ft4 

[0 0 4 7] L^otG a N^^#i*0^ a a a ^Pfe^7 
m*<0 =.\?9*ris* / W&g [C J; 5 JBIJ5 ©*M> D K# V \ fig 

[0 0 4 8] rcOi 5 (£Sffi±Ul-^;**t£«fc flSRftK: 
»rt**tfcrt«««fC7r'fey H*ifS:*1-<5GaN3R 

[0 0 4 9] ^3 0^0f^-C#(btL5Ga 

©Sfii:LTfflV^r^W#5o :©J:5ftGaN3R 
Wlft«±lCG a NSI****^ tf»t« wit, G 

[0 0 5 0] * fcG a N***ft*f ^G a N*fift 
fcG a NX^«^9S3t^(cj3lt«XIOIS^ttB» 
[0 0 5 1] i^CGaNPIMWGaNl 

yc!>»-frH:. g a NZk¥&&k^£mm&m 

[0 0 5 2] **5 % *3<7)mfi<^?KflBtC*5W^G a N» 
[0 0 5 3] KS^Hifi^^ffi^BiW-ett. GaNlf 

[0 0 5 4] $ ^JC*^O^fig(CffiV>5^^^ £ LT 

i*® i ^^^fg&svMifg 2 comm<nMi&tm&te 



WRflRfcUSttSG a N^Wfcjgl^ LTteG aN/Al 
GaN, I nGaNmifbnSJjSGaNASfttff* 

[0 0 5 5] SfcGaN^tt^itm G a N 
If-^G a NSLED§«G a N3R*MMW8 
ftS^F-OffitC F E T BT4 ^Of^V * *C ^iS^^T 

[0 0 5 6] (»4C0||lfi(0?Ktt) «0^(Df4^Si 

[0 0 5 7] l4^HliS<Olilt GaNl*#M 

*/£ftU Sb*cr<OGaN**#*liK±lCGaN* 

[0 0 5.8] f 4<D^ftOlit11G a N^f#ftg± 
COG a NX****^* UTG a NX 

[0 0 5 9] teCtfXC, X«*ffifcl^;**«:7K/SU V 

SRWft-^»^S»«)»*5S4gfl-W±«CG a NX¥«f|: 

[0 0 6 0] ^^^&^SfiB«<?D?|g«^ LTtt, Ml 
0**o»«ORWOJ: 0 lzOOkfc1£<OG a n 31 

[0 0 6 1] W:M»MLG a N^f^xt 9 
^^t^f^TPo GaN?^»«ffeit I 

I lKJK»lC#y *A (Ga) <kttffc** (HC1) O 
y (G a C 1 ) i VKJS» 
C7^^7 (NH 3 ) #*Srfl3l^5>'M' K^-f KVP 
Efttf#*LV\fli^ **&JH^^«ti«ft«fe (MOVP 
E) £JEi/>Tt> cfcV\, 

[0 0 6 2] G a N^¥*»ftTO^ tf * /Wfc&tt. 
f l^toiiiPISi:, G a N*¥ttfttf 4DJHSM 

■e « * ^ ± \£tit<&nrr j&r wco & -vm a a* 

t)s JSlcfifB«i(OG a N»*»ftl:iiiS©iS*ffii:tt 
[0 0 6 3] xt^^i/t^S*»t5i:, G a 

G a N**»fti:«t 9 7 7 1 

[0 0 6 4] ftCG a N ^aJMttBLhK: G a N^^fr 
JBJtSf^F^X^WitSrfNR-rSo G a NXtWMKrS 
J8L*:«, GaN3l^»»lR^j«*4xfcS«*:MOC 

vDiact^M, ^f^oas, v/i 1 

IfcfC, nlGaNg, nSA 1 G a 5 y hg. n 
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IG a Nfttf-f Kg, T > K— 1 n G a Nfi^#F/i 
£T> K— 7" I n G a NRESJI^^ft-S^It^Pff 
aSfSttJB, pSAlGaNl, pgGaNWhl, 
piAlGaN^7yKB, pSGaN^>^^hK 

[0 0 6 5] ftfc. u— !f— flH6fc»j*LfcS««:W* 
Site-try h U g«> S i 0 2 :fc£U*G a 

£<, gffiLfcGaN^»*H^I, tftWGaN^ 
*»*J8*»^*B«»c: n £!*K«:»dt p 9 

[0 0 6 6] »4fl53t*<D»tt*cJ:9 6AToab**«#6 

[0 0 6 7] Si ^*16o^Ji<03:f^^v/^yU^fi-C 
#fcftrt:G a N^a»fttBLbl£G a N**Wfle*^BKS 

[0 0 6 8] $ & \CG a N»*#**^«G a 

ftfWllttltG a N*^3H*JRO*ffi*C»riJ-r* 
[0 0 6 9] ^f:GaN^M*WGaN^ 

SBBK J: B G a N3R^#ft:u-1f*at^#S«^ 

[0 0 7 0] ft*^ »4©*j»0»«tt±E^RW^RR 

[0 0 7 1] Mill GaN^»»R^f^^r^t 

[0 0 7 2] J t,ICG a N»***«±ICG a N»*« 
fc^, GaNX^RBAftlcStE, ^**£GaN. 

[0 0 7 3] ftdS, GaNl«ft»?)S«, 
S:»tlfcMS:R«lfc^ G a NX^MIlKiiRt 

[0 0 7 4] $^«c*|Hfi<0?g^cfflv^5^^^i:LT 

rate i <Dmrn<Dwmh^^^ 2 o^ii^M 



(0»(BlCiolt-6Ga N»#*tt:JISi: LTI3G aN/Al 
GaN. I n G a N^Mbtl^^G a N^ftfc»$ 

[0 0 7 5] *fcG a NS^*<**^<fc G a N 

!f^>G aN^LE D^OG a N^^tt^ 

[0 0 7 6] 

[0077] (mi <o$mm) ^^n<omMm^^>^ 

(0 0 0 1) It77^7 (AI2 O3 ) ifii 
1±{£1 nmm&<Dmm<VG a NH^ 1 2 <b7l>> C£>7f2 
fi8Lfc»R4:fllV^fc 0 ^ICQG a NJRl 2^®tCS i 0 2 

^^-e^*:? i 4<tfiK*ffl«i 3^»ntufco 

mCD*!^;* h^^^ttt'fc^o * Y=7^^^\\%< 1 1 
-2 0>2fft<h L/C ( (1111 (a) ) Q 
[0 0 7 8] ^cS^i^ 1 3 iZgt&TZG a NJB 1 5 

i i iKJKS-^y^A (Ga) fcatfbjc* (hci) 

OB6±jWfc-C*)5»Wy (GaCl) tVKI 

^{C7y^^7 (NH 3 ) ^^ffl^^W K 
VPEffiS:fl3v^ 0 S«l l£:W K^-Y K<0**S8« 
tcir yhU **#B«tt?J*«M* 1 0 0 0°Cid^-r 
5 0 ^IfiS^^ttd^, HClSi!:2 0cc/ 
ft#-0«*&U NH 3 »fcSl 0 0 0 c c 5 #S 
r £ T% ^fiffitt 13(CGaNfil5(0 { 1 
-10 1} S^64577ty h«Jt«:«*S*/S: 
1 (b) ) o S^C. 2 0«xk'^^t/^I 

Sr«E»t, 1 4Sr«5*t7rty h«JSl 6 £3£ 

5t$^fc (Hi (c) ) . 
[0 0 7 9] mif^^^^/urtiSrKEWSrirKiiO^ 
h«3S«:S»&* (Hi (d) ) . fcj&WkUl, 

5 n#raa>jss-c 2 o o m maafospa4«H z^-t z> g 

a NHgSr^fiKS tit m 1 ( e ) ) o G a NJK 1 5 SrTfc 

[0 0 8 0] mi OS06«-ettri!«««*:»JIRf , sa«? 
/5jcStc£ 9, fliJS^s {l-ioi} iH4577ty 

[0 0 8 1] *J6W*c,t t)J5Jc^Lfc^ B B B ^^fC|^-<6 

t, 77tyh©iBa-e, =ctr^# 
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[0 0 8 2] mi<nm&mtZ±oXJ&f&£tlt£G a Nig 

m£tltz 0 L^t. ffJ^fi*flofcGaNJKKtt:. 

< > ftNHBXtt 10 6 c m2 SUE-Cfc 

[0 0 8 3] *^^lr^SLfcG a Nflltt^lfttf** 
tC>#<, r©±Cl/- If, FET\ fcWHBT/i^ 

tt* IS) ± $ * 3 r £ ri^f B t * 5 0 
[0 0 8 4] $b(ct7 7 ^7SSl l*W*«*c:J:o 
GaNgl 5 £ LTfllV* 

[0 0 8 5 J mKOMMmX^ GaNlgOxt^arv' 

*«&*<fc^««ffififc*» (MOCVD) Srffl^TfclllJ 
«*«l*^#b*tS 0 SfcA 1 2 0 3 S« 1 1 &m^1t 
S i StR. ZnOlS, S i Clfc L i G a 0 2 

S«> MgAl 2 o 4 »E«s^fflv^rfcra«*»* 

5,4x6, ^^(CA 1 2 0 3 SSI 1 JbtCGaNBS 

[0 0 8 6] &1t^x? 1 4 £ ITS i 0 2 SrJBV^fc: 
^«Cixtc:l8e>4x5fc^-ett*<, S i N x *<*0itfe»«: 

^a:co^fp]< i - i o o >xh x < s rti^c7)^fp]75^ 

[0 0 8 7] ^tG a NOxlf^^^t^M^OV^ 
j&*<1ttK I n G a NJK. A 1 G a NJK> I n NJR, G 
a PJIgfc6i/M3:G a A sg^xt^^>>t^ftt^ 

n*4Sb*^#feix5 0 S^lcMni i I -vS&ffc 

[0 0 8 8] (12 (D^Jfi^J) 2 0>Mkffl£ 

[0 0 8 9] f 2WH»«m S«£ It, (0 0 0 
1) ISi Clgl l_bMl MmSStDJflcOA 1 o. l 
Gao.9 Nil 2ZfrhfrCftWZj&l,tz&gk&m\<^ 
1t 9 rcOAlo. i Gao.9 NKl 2$ICS i O2 

^-e^** 1 4 1 3(c^SiLfc 0 

13, &£Xf-rX? I 4tt, -ttt^tb2 M m. *5<fctfl 

l-10 0>*|filttfc ( (0 1 (a) ) o 



[0 0 9 0] /SS^ 1 3 tOSSf <5G a NJS 1 5*11, 
I I iM^y^^ (Ga) i»b*C* (HC1) 

oK«*ric*-es>s»K*y (Gaci) 

^SHcTV^e-T (NH 3 ) #*S:fHv>«W K 

mi? ^ hu **#H«c-ej5Kftaft 100 o°c^#^-r 

60 *M^$$tTd^, HClSM20cc/ 
U NH 3 ScJ:2 0 0 0 c c/g#-c5#m 

r i -C, figfiffittc 1 3 CG a NJR 1 5 (7) { 1 
-10 1} ffl^6457rty h«aSS:«*S*^: (HI 

1 (b) ) 0 

[0 0 9 1 ] £<b(C, 2 0MM^t7^r^t/«I 
SriBctt, "7^^ 1 4^I^tGaN^)77t7 hiil 
1 5£%ig$-tir*L (Bi (c) ) 0 

[0 0 9 2] =V?*ris-Y/l't$,-m&iSt»Z>Ztt££ 9 7 
r-fey b«it«:aftii* (HI l (d) ) . 
5H#IH<OJ55Gfi**e2 0 0 MmlfOfS^IIr^t^G 
aN«»*itfc (HI (e) ) 0 GaNJRl 5<D» 

rictSL nh 3 ^f^^^L^^tb^^-e^aiL, fig 

[0 0 9 3] ^2<^^JS0ii{C ( toTBj*$tt/cGa NJBt 
1 5<Ctt, S i CMl 1 fc o»ft»lWW(fclt 
% 0 it. t> t * 7 ^ * 75^ Ao r v ^ r. t i>mm 

£titc 0 L^, iP^S^rtTofcGaNJgfCIL ^Pfe 
dS*#^tt<^Pfe*aEr±l 06 cm2 SS-Cfco 

[0 0 9 4] *^lte0t|-ej5Jc* LfcG a Ngd^P^^t 
tC/>/«C< % wC0_b{CU— FET. *5iWHBTftir 

[0 0 9 5] ^fc, SiClSll»i?(Ci:o'Ci 

[0 0 9 6] JR2©*SSffi|-ett. GaN(t^W^> 
*«4«^*«MBtfirt*«6 (MOCVD) £JBv**-CfcEJ 

«*ia*^#e>ix5o **fe*iois«-ett^ s iciti 

lSrffiV^dS, Silfc ZnOSS, Al 2 Os £ 
L i G a O2 S^K, M g A 1 2 0 4 S^K^ 

%m^xt>mmte%)%:Ambtiz 0 $^fcs i essi 

l±{cjgj?^Ga NJKl 2t:«>6>^i:»*j|llL«:dS, S 

[0 0 9 7] ^tc^*? U^LTS i O2 ^rffiV^Tt 
tf~tllzmbtl%h<OX\-±t£< , S i N x «P^Jft»ft: 
/R"Ct<tV\ :^ffiM*Citv^^l4^10/im 

tut**, ^^S:a»atfri:^-e*a*i-e&ixtfwi 

«*a*^^jx5 0 $ ^tc^ h^^y^r< 1 - 1 0 0 
>*[fi]^MLfc^\ 7 7-feyhWricSnnil ^ix 

<hsa:(7)*-fpi< 1 - 1 2 0 >-c^i:< , *4x&(o^[pi^ 
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■fey hmmm&$ti*&&&&<Dikm*tt , &\c£vX 

[0 0 9 8] S^S^tcfiffii 1±cdJ8££ LtA 1 ffijsfc 
0. lOAlGaNtSW wOiajSttffificOfcO 
-C«t<. w^JBtfc UT-tOflilCA 1 N, InGaN4if 
«TfflV^-CtPI*ftai*^#fenS. £ b(CG a NCD^t* 
^^^-y^jaftftlCOV^TJft^fcd*, InGaNE Al 
G a NJBk InNJR, Ga PJRfc^VMiG a A s JBSrx 

srs i i i ~vMit&mcTmw<nmmLxhm&te 

[0 0 9 9] (!3^IftW) ^3BnoJB3 03«b«(C 
ov^T, B2 4r#flHL-CKW'r5. 

[0 10 0] *3 0WSfltf3:, It, (l 1 

1) cg<£>MgAl2 0 4 Ifi2lS:fflV^, 
2 l^cStCS i 0 2 J&2 3*r«J«U 7thyy^7 

h^y^^-C^** 2 3 £j£JHRl£ 
2 2tC#tBtLfco MS«2 2, fcit^r** 2 3 1*. 

5 0 * h7-C7Jjfate< 11-20 >*Ifti Lfc ( (HI 

2 (a) ) 0 

[0101] G a NJR0>/S*tt. 77^23 ±izg>t£& i 
OGaN*«f*#«r«i«'t-S<0|c:i»LfcW KVP 
EffiSrfflv^o r^ffi-ct^ I I 

(Ga) tmt*m (HCl) OKtf£**-C*>atfcflS 

#y*A (Gaci) <^ vss^r^^xr (nh 

3 ) #**fllv^ 0 

[0102] *i\ &K 2 i «rriS*»«K-fer s^bU tK 
*;tf*«:tt«Lttas& 1 0 0 0°CM<^I5K«II 
fc^. 5 0 0°C(^$^ HC1SM0. 5cc/ 
ft#-Cfl«&U NH 3 8K*1 0 0 0 c c/HftX5ft 

mmmm-rz - t x\ isa/smi* 23i:»20nm^ 

Ri^G a y 7 7i 2 4 Sr»ftt « (0 2 

(b) ) 0 

[0 10 3] COtftJRt?, NH 3 ^«L4iJ^l 
0 0 0°C^t5o J«*a*^3cffU-C^b, HCl 
iM2 0cc/SK«U NH 3 S11500 
c c/S^5 5)S^«ter^^ /£SfiUc2 2^ 
G a N^3/7 7-S 2 4±MG a N(D { 1 - 1 0 1 } S 
^b4577t^ MK&2 5*J**3*fc (B2 

(c) ) 0 

[0 10 4] ^t^*^*/H5fcfiS:iBfcrJ\ 
^23S:«5t-CGaNJB25077ty h«5S*SS* 

tt„ ftj^M^tt, 5 0#rflCO^cS-e 2 0 0m mIS^¥fi 
ft»Bt*t5G a NR2 5 SrfrtS^fc (El 2 

(d) ) 0 GaNR2 5 0B««, NH 3 

e> »«* -e*» losses «t o n 9 w-r. 

[0 10 5] *3fl5**WcJ:or»«*ix/l:GaNJR 



2 5U1 MgAh O4 SS2 1^C0^M« 

C£jW*S$*Lfc 0 U^fc. «Btrt**ffofcGaN« 
JCf^ ^|»3a*#*^'>ft<. 106 cm 2 igtfeo 

[0106] *3BB«'ei8*LfcG a NJKttAPft^** 

tt*f^±^^5C<h^pTtgi:^5o ^fcMgAlz 0 4 
SS2 lftSF«»lcj:oT»*t5wi^ GaNg 
2 5 Itfflv ^ C fc "C# So 

[ 0 1 0 7 ] IB 3 <£>^ife0i|-m. GaNl^xt^^rv' 

*«&JH{b**««J**«fe (MOCVD) 4rfl3V^t>|i] 

«*a*i*»e>ns. m g a 1 2 o 4 

SS2 1ifflV^ SiXfi, ZnOlS, SiC 

s« N LiGao 2 ai 2 o 3 msL^m^x 

feH«tt»**s»e>ixS. ^b(cMgAl 2 0 4 21 
±lCit»^;***»J«Lfc#. SS2 1±CGaNH^ 

[0108] SftTX? 1 4 <t ITS i 0 2 */BV^*: 
^mtCi5ge)^^tO-ei^<. S i N x 3W*6»ft: 
JR-Cfc«fcv\, § e>(C-7^ ^ 2 4 1 0 m m tfc 

*^#e>tb5o **iS09-ett. ^h7^^<i 1-2 

tui:Sei:<D*-|fii< i--i oo>-et>J:<> 

77ty H»t»*t4ii«t5. ft*J, ^r-fer 

[0109] *fc**jB6«-C«:SS±«cffiia^y7rJl 

[0 110] ^lifi^-eiL GaN^xt^^> 

^^j&fiKo^Ti*^*:^ InGaNg, AlGaN 
J& I nNJHk GaPg, GaAsg*x^^;U 

[0111] («4^|»bM) 4 o^ldiwc: 

[0 1 12] *HJB«-Ctt:, S«<!r Lt (0 0 0 1) ffi 
(0A1 2 O3 S^K4 1 _btC 1 M m^^OfllJ?C0G a N 

[0113] r.cOG a N^4 2$i(CS i O2 
/&U 7tMjy^77^-S^X5,hxyf>^ 
4 3 £j*««*4 4«d#HILfc. j&ftfMU 4 
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tt, (H3 (a) ) . — i2d*3jzm 

o=A»tt (03 (b) ) , *$J:tf5 timft<Dm&Vt 
(113 (c) ) <D3mmkti:Z>^x?-&*ti?inm^ 
tc 0 

[0 114] n$J&L£jftJHMU 4!CMt5Ga NIK 
4 511 I I lMSCby>f/^y^^ (TMG 
a) Why^f/U7^^^A (TMAI) tvmf& 
£HCT>^=.T (NH 3 ) ^f^*fflVN5*^S^ 

[0 115] H4ttH3©j*««#*»fifcLfcM±«c 

*ffirii*ffiS:fflv^r i i i -vRft^tiMM^r^ 
t^i^^a^-efe^o i«4i%^aMft^a 

L*ASb l 0 5 0 o C<Df&&um^m&-fz o ^fii^^s 

TMIW&U NH 3 M5 00 0 cc/S»tl0»i 
KWJ&tSr^-e, ^cgm^4 4lCGa N1R4 5 {l 

-ion mt^t^yy^y hmm^^^tz m 

4 (a) ) . 

[0116] se>^ 3o»msatxf^^v/t^ft 

Srjffi^> v7^4 3Srg5itGaNS4 5077ty 

b«3g^r^ii$^fc (04 (b) ) . 

[0 117] 3itr^*^-r/urt*Srl«tt5wi*c:J:9G 

aNi4 5 07 7tyMMlft^ (El 4 
(c) ) . ftteWtdtt, 12B$Wftl0 0Mml 
flE^«**ffiSr*-r5GaNJR4 5*»***fc (0 
4 (d) ) . 

[0118] 3 mm<01&Vt<DtitMmmzMgt l/:GaN 
*K t77^7S«4 1 tC^ 7 ^/^AoTV^V^ £ 

[01 19] *jat«t?J5li* LfdG a NJRtt^RS^** 
K'>&<. Z<D±.l<ZU—f\ FET. *3<t0 ? HBT<C<Jf 

[0 12 0] S5)i:t7 7^7Sfi4 lilSftCio 

[0 1 2 1] m4<DMt&m-e&, GaNJROx^^> 

W«&«*fc**«t§/£*ifc (MOCVD) SrfflV^TfcW 
«*a**«»e>ixS. *feA 1 2 0 3 S«4 1^V^ 
S iSg, ZnOffi, S i CIS, LiGaO 
2 Iffi, MgAlz 0 4 Sffi^£fflV>Tfcl^«#3b 
*##&ixSo °3 S«4 i±tcJK»co 

GaNg42?:$)ib^i:^MLf^\ g«4 1±(Cli: 



[0 12 2] ^^c-e^^ 4 3iltS i o 2 SrfflV^fc 

[0 12 3] * fcG a N^xt^^^ t /u^f (cov^ 
Sfc^fcas. I n G a NIK, A 1 G a NJR, I n Nfis G 
a Pflgfc<5VM3:G a A s )K£^ ^ v-^/Hfcg LT t> 

ra«*a*^#e>tt5 0 s i i i - vift 

[0124] (is^HiW *38WC0»5<OjlifiWC 

[0 12 5] lfCtt, 1 M m<£>JKJ5cOG a NIK5 

2 36S»J*Sttfc (0 0 0 1) IW77^7l«5 1 * 

[0 12 6] :(DSi5 1 Affiles i o 2 IRft^* 
U 7t h y y^77^-fti: Fx^f 
1 (^-7^^ 5 3 if 1 ^IS«5 4 l:^ilfc 0 !gl 
OMfi5 4, joctt/mi^-r^^ 5 3I3\ ^ttl^ftl 

TT^ftH < 1 1 - 2 0 > £ L/C (0 5 ( a ) ) 0 
[0127]$ 1 0j$jtffifi 5 4 Mj&g-r -5$ 1 <£>G a 

Ng5 5ii ±eo*ib« i £ i i imm&izjf 

VVJ* (Ga) (HC1) <D&.m±!&V0T?3b 

zmktfvtJ* (Gacn ^v^^tcr^-r 

(NH 3 ) ^^fflV^WK7^KVPE$»^ 
fco S^5 1 Sr'M' K^-Y KOricftffiBtc-fe ;y FU * 
*#H«-C/5fcfti&SE 1 0 0 0°Ctd^-r6 o 6 5 0°C<D 
l*i^S85 l£NH 3 #*#B«fc-r5 0 /SftiB 
t^ULt^^ HClffiMl0cc/l»t« 
U NH 3 Sf4 0 0 0 c c/S5)"C6 05>BBOJ«ft 

r% mi(Dmmmx^m^tcmi(D < a ) (e) <o 

ricSxa*aT. $ 1 ^53 Sr»»iiAy ft! |R 1 tf> 

G a NIK 5 5 &7F2j5£-f<5 (El 5 (b) ) 0 %\ <DG a N 
IK5 5«:*J««. NH 3 -C»a?U 

[0128] G a NJH 5 5 ±[£WXfi S i 0 2 Jfi 

m m-Cfct? . * h^-f ^°*^]li:< 1 1 - 2 0 > £ Lfc 
(B5 (c) ) 0 ~CDg«5 1±(C. JgKO^&S 

0fl-?KWLfclSl<a (a) d»& (e) OMltSrS 
^20-7^^5 7 1:1^^ ^^15 0/im(7) 

!20GaNl58 Ufti*ffiS:#fc 
(El 5 (d) ) o 

[0 12 9] Mlfcl2^)Ga NIK5 8 co^Pf&^r^r® 
SiSW^flW-CW^fe**. 0 5 cm2 

[ o 1 3 o ] m s (ommmv^ g a n^o^ t-^ ^..> 
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#«&«fc#««ttriJ*«6 (MOCVD) fcEV^TtWI 
«fc3b*rt s #<bix5, *fcA 1 2 0 3 5 1 £J8V> 
fcri^ S ilE ZnOlS, S i CIS, LiGaO 
2 SS, MgAl 2 0 4 S««£JB^Tfcl^«>S& 
£<btCAl 2 O3 liCGaN 

"f. SS±{CGaNJH5 2^fi^f, Effijg 1 CO-r^ 
^ 5 3«rJ**LTfc±V\ 
[0131] 53^ ITS i O2 £J8Wc 

B|-efc.fcv\, SfelcjdMHMWS;* h7-f^i:*5J:5«- 

^S'ir'MftilwOV^Tit^fcjfl*, InGaNg, Al 
GaNE InNE Ga Pl^^l/Wa A sKx 

[0132] *58W^#*Hl«-eW:G a N^<D III- 

[0133] (16 <Oj£ffi#J) 6 ^^ffi0iJ{C 

o^T. B6S:#BtT»^t5o El 6 1**38 91 <£> 3^ 

a N)g|±JCG a NR^WflcU'— »« «r«frrSX«fclSWi 

[0134] SI 6 Mtf-TXS 6 1 tCd\ 1 /x m(O^Jf:c7) 
Ga Ng6 2 3flS»J«Snfe (0 0 0 l) ffi <£> if 7 7* 'f T 
S4R6 1 £/B^fc 0 :^SS6 1SI(CS i0 2 M« 

/su as i^?>m4 (ommmt rnmcy* h v 

<OfiK««*6 4*c5MllLfe. JSl^ric»B«6 4, *5± 
t>^lCO-7^^ 6 3tt\ -ttlflx5 /znu n m 

CD* h7>f^i Lfco * h7^y*|fi)H < 1 1 - 2 
0>*-|6]ri^ 1 0#«ttT»J«L*: (H6 (a) ) . 
[0 13 5] Il(OM««6 4lcMmiOGa 

Ng6 5 ±iaoiiffi0ij 1 i mmz I I I 

(Ga) £&{fc7KlSt (HC1) OSJES*ric»t?S> 
ZmtXVVJ* (GaCl) tVH»:7^^7 
(NH 3 ) ^SrfflV^W K7>f KVPEfeSrfflV^ 

*#H*-e/3cSi&aE 1 0 0 0°C{c^-T5o 6 5 0°C^ 

^LT^?>, HClfii«:4 0cc/65)t« 
U NH 3 itftil 0 0 0 c c/fe9\ *3J:tf->9> 

(SiH 4 ) 8fc*0. 0 1 c c/t»Tl 5 0#F^GQ 
/£ST\ JRl<0*Sfc«-CKMLfcHl(0 (a) 

(e) ©afillSgt, 6 3£iS#>^A/ 
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££JRJ? 2 0 0 m m<£>3! 1 COG a NJg 6 5 &j&&1r& (El 
5 (b) ) o Jg 1 <DG a Nflg6 5 «:7fcJ5)cf£, NH 3 # 

^#H*-e***-e»»L, /£g3£»j:0fc9aj-ro g 

aN§6 5lt nlt% 1 X 1 O^c m- 3 ^±^^rt U 

[0136] Kk^ G a N«^#flc W— «f«if 
tt> ^«&S<fc^«tSJ5fcfiSs (MOVPE) £S3^Tf£ 
§SLfc 0 GaNl65«t, MOCVDigCt^y 

h U 7K^#S^T'^g?U^ 1 0 5 0 o CM#m-f 6 0 6 
5 0°C(Z)M/)^NH3 ^^#S^(C-T5o Si» 
DULtzl Mm(Dl$<^nlGa Nl6 6, S i^»DL 
/c 0 . 4/i mCDlIJOnlA 1 o. 15G ao.ssN^ 7 ^ b 
167, S iMDLfcO. 1/zm^I^nlGaN 
*W K16 8, 2. Snm^f $^7>K-7°I n 
o.2Gao.8Ni^Fii: 5 n mtf)J? £ COT:/ K— :/ I 
n 0 .osG a 0 .96NRSJia>P>&S 1 0 JlJ8co^mS^# 
PiMtti6 9, J* (Mg) &aS*DLfe2 

0 nm^S^plA lo.2Gao.sNl7 0, Mg£fis 
AD U7t 0 . 1 m rntOJ? £ CD p MG a N^tlf-J K17 1, 
Mg^r^PUfcO. 4 M m^f $^plAlo.isGa 
o.85N^7'7KS7 2, Mg SrSSJDLfcO. 5/xmCO/i: 
JOplGaN^y^^ hi7 3«rW?fc»J5)cLl^— !f— 
«i££rf£Slbfc 0 P IOGaNn^ng7 3« 

Lfe«tt. hn 3 yf^#H*tf*a*'e»aiL, 

9 !> tH*?- (06 (c) ) 0 2. 5nmWf$(^ 
T> K— 7° I n 0 . 2 Ga 0 .8Ni^FIi 5 nm^f J 
CDT>- no.05G.a 0 .95NKlg?5^^5#it 
^#F«3tf£teS 6 9 (^:. 7 8 O^JMrcKfifcLfc, 

[0 13 7] if— «JS*»J*Lfc+ 7 r>TT 

S«6 1 *WBiS{C-fe m t7r>f7S«6 1, G 
a N® 6 2 N S i 0 2 6 3, J:t^G a Nil 6 

5 ^) 5 0 ju mTO LTG a Nl6 5 ^ItH ^^5 C Sffi 
LfcGaNS6 5ilCli, ^ >- (T i ) -TVU^ (A 
1) ^nSiS7 4?:MU pf(OGa N/1 7 3 _UC 
tt=37 4r/U (Ni) (Au) <DpIti7 5tr)Sdc 

-rs (E6 (d) ) 0 

[0 13 8] H6*C«-r^— 1f«iS-C«±. lifCnlt 

[0 13 9] *7t. t77>f7iGaN***»itt« 
SJLfc u-if «3t*)#«« $ 9 — Ht^ # M *c J: 5 MOtir 

[0 14 0] Ctb{c^-L, **16«-eH:JB*4cR6iS'>* 
7^7lS^v^^TO^*tttGaN6 5 

SLfcGaN^^U- if«j|t»c:r*llf»ttft<, * 

fcGaN!6 5±OU— 1f«iett^#BH(C<t 9#tB«^ 
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[0141] *H^]-CIL G a Nf 6 5 ±.iZ 
SiMLTA^, t7r^7*K5 1, G a NIK 6 
2, SiO z ^^6 3«:igLfc^ l — - 9*— «at£ 
Mt5|iri:t77-( , 7M6 1 1 GaNJ|g6 2. Si 
Oz 6 3 SrWSUrt>ISJ«S<c3a*-4 s #?>tt5o. 

[0 14 2] X^mmttSi* t77^f7SS6 

1, Ga Ng 62, S i O2 ^ * V 6 3 <T>mM, to£ 

a Ng6 6*fcli6 5*-C|&*Ln®®l£Jgfi)cU * 

[0 14 3] 

[BWOTSMU «±K91Lfc.i:?K, *»WKJ:5 I I 
^^^JCJ:5«ffi±©riifi«*Sr«!li8U 7rtyW 

&&fe-rztx\ daw* 1 1 1 -vtsnt&itsi&Mtm 
[mu *»w<z)i 1 1 -vMit&®)¥mfc<7)Mf8.5>m 

[@2] AlGaNRii5M^fcMgAl2 O4 S 
[0 3] 3Wi«HC3itr^#^-r/u**r5fi8ft*««>3e 

#5 -So 

[1214] H3C«Ktt, = XtW©Ktt©ja«« 
**Jfif*Lfc*S±(c*tfifi)l*ife«:fflv^-CI I I -VIS 

[0 5] *^?8cD^S^-&$r2(5]^^3It-C^figL/ v cG 



[0 6] *»W©*«3firife*:fflV^T»J«LfcGaN , iLh 
KG a N*W*^-1^HPI**:»rt-*-*I«©WMH 

[|f*oRW] 
1 1 8*5 

1 2 *KKjBj£3ftfc I I I -v8Hfc£-*iMlWMS 
13 III -vi^fc^»¥*{*:&J««S*5l**«l« 

1 4 

1 5 if ^^->-v7u^csurt i i i -vmit-tm^m 



1 6 


I I I —Vtj£4k&%n^M.{fc(DyT'&*y hffl- 

x x x ▼ /£7v 1 i_i uj 1 i j rt* v S ^ / ' — y \ \Yt . 


2 1 


(0 0 0 1) ifiCD-tf-:7 t 4 T&Xfc 


2 2 


G a NIH 


2 3 




2 5 




3 1 


Mil) fMcOM e A 1 9 Od 


3 2 


1 /i m(7)G a Nfl1£ ^ ^ l"± A 1 G a IMflll 


3 2 


da UA. ■ i » — / 1 SHA* v» 1 v/ / >— Maj IJ>% ^-5^ 


3 3 




3 4 


^ tT ^ + /l^^^ L AcG a N^777S 


3 5 


11/11 ▼ A. xj- 1 J— S f-*A*4 * a. L *t ft^Z 


4 3 




4 4 


rA ^y>i 


5 1 


CO 0 0 1 ) tR(F)'tf-~7 -r s( ~Tl£zjdv 

\ \J \J \J i- / LbLJ / S J \ / ^S'CPt 


5 3 


^ 1 CQ^*^ 


5 4 




5 5 


% 1 a 


5 6 


% 2 


5 7 


^ 2 (D-^7s? 


5 8 


M2COG a Nl 


6 5 


nlG a Ng 


6 6 


nSG a Nl 


6 7 


nSA 1 o. 15G ao.ssN^ 7y hi 


6 8 


nlG a N^^-Y Kg 


6 9 


1 0ili«O#SST-#F«xtf&t±g 


7 0 


P MA 1 0. 2G a 0.8 Nil 


7 1 


pSG a Njt^f-f KS 


7 2 


plA 1 0. 15G ao.ssN^ 7 y hM 


7 3 


plG a N^>^ ^ hJl 


7 4 


T i - A 1 (Dnllg 


7 5 


N i -Au^pili 



12971 



[Hi] 



[H2] 




14, 

11.SK 

isjn-visft:-stt>*ttff<& 

14 



3& ESS EffFi 





°o°o°o 
oooo 




(a) 



23. 



□ DOCK 

□□□cu 

□ □□□ 



2a 



<c) 



#^¥10-312971 



15 V->* 




